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Introduction
Alzheimer's disease (AD) is the most common neurodegenerative dementia. The neuropathological process involves the diagnosis of his language disorders, which had persisted for approximately 2 years. He and his wife complained that he was unable to express himself and stumbled trying to find appropriate words. Moreover, he found it difficult to pronounce some words. His language comprehension was relatively well preserved. He could identify the appropriate word when others suggested words he might be trying to remember. During the previous 2 years, he insisted on driving to work by himself.
During the past few months, his symptoms had Magnetic resonance imaging (MRI), which was performed with a 3.0 T Siemens MR system using a standard head coil, included structural MRI and olfactory functional MRI. The structural MRI (Fig. 1 ) revealed demyelination of cerebral white matter (0-1 degree on the Fazekas scale) [8] , and a hippocampal score of 1 using the medial temporal lobe atrophy score.
Electrophysiology test
During the electrophysiology study, cognitive and motor cortical functions were evaluated using the P300 and transcranial magnetic stimulation (TMS). The P300 wave is a prominent event-related potential (ERP) that indicates changes in the cognitive cortex [9] . The P300 wave is the most commonly recorded potential and can be elicited using the oddball paradigm.
In this method, the patient was instructed to focus on an infrequent target stimulus (2,000
Hz, 100 dB) embedded in a series of frequent background stimuli (1,000 Hz, 100 dB). The P300 latency was 374 ms at the Cz-A1 site and 368 ms at the Pz-A1 site, and the amplitudes On the other side, the thresholds were 47%, 31%, and 146.4 ms, respectively. These results indicate that excitability of the motor cortex was increased in this patient compared with age-matched controls in our hospital.
Positron Emission Tomography Imaging (PET)
To further clarify the diagnosis, PET images were The FDG scan revealed bilateral temporalparietal junction regions, bilateral precuneus regions, and right frontal lobe hypometabolism. Among these regions, the right temporalparietal junction hypometabolism was the most distinct ( Fig. 2A) . Moreover, the PIB scan revealed amyloid deposits in the temporal, parietal, and frontal regions ( 
Olfactory function 2.4.1 Olfactory test
To determine olfactory function, the patient underwent testing with a standard Toyoda and Takagi's perfumist's strip (T&T olfactometry, Japan) [10, 11] . We tested the thresholds of five 
Olfactory functional magnetic resonance imaging (fMRI)
Lavender oil is one of the most effective olfactory stimulants. It has minimal to no effect on the trigeminal system, and has been used in olfactory fMRI studies [12] . 
Follow-up
Data from follow-up examinations at 6 months and 1, 1.5, and 2 years are shown in Fig. 3 .
At the 6-month follow-up, the Mini Mental State Examination score decreased (Table   1) , whereas scores for activity of daily living and neuropsychiatric Inventory (NPI) were increased. At the 1.5-year follow-up, his sense of orientation and memory had deteriorated, which induced a gradual downward trend in his cognitive function. C-PIB uptake, and a decreased removal rate [18] , which is similar to lv-PPA patients [16] . However, in lv-PPA patients, the degree of hypometabolism in the left parietal-temporal junction might be more severe, representing an anatomical signature of lv-PPA [19] . Conversely, our results showed more significant hypometabolism in the right parietal-temporal junction. This discrepancy might be attributed to lv-PPA endophenotypes with slightly different clinical profiles, disease severity and decline over time [20, 21] . The specific mechanisms underlying this difference should be studied in the future.
Discussion
Our analysis of olfactory function included perception and recognition, as determined by detection and cognitive thresholds. Many previous studies found decreased recognition of olfactory stimuli in the elderly [22] , and impairment may occur several years before the onset of AD symptoms [23, 24] . Some researchers have suggested that there is a relationship between olfactory recognition and cognition. It is noteworthy that our lv-PPA patient had a significantly impaired recognition of odours with no obvious impairment of detection threshold. The detection threshold reflects the function of peripheral olfactory structures, whereas the cognitive threshold mainly reflects the function of the olfactory centre [25] . Our patient's limited olfactory dysfunction, difficulty recognizing odours, was related to the olfactory centre, which is consistent with a previous study [26] . The olfactory centre includes the anterior olfactory 
Conclusion
In conclusion, the results of our molecular imaging studies indicate that lv-PPA is an atypical subtype of AD. Symptoms include speech disorders and cognitive impairment.
Patients with lv-PPA may present with olfactory impairment.
By monitoring blood oxygen levels, fMRI allows noninvasive monitoring of brain function, and olfactory fMRI indicates the activity of the olfactory cortex. Olfactory fMRI of typical AD patients shows decreased activation of the POC compared with normal controls [12] . In our lv-PPA case, activation of the whole brain and the POC was rare, which is similar to the findings of our previous study. These results indicate dysfunction of the olfactory cortex [24, 29] . Because this lv-PPA patient presented with olfactory dysfunction, the assessment of olfaction might be helpful for the early diagnosis of lv-PPA.
